released metabolites (369) in maturation media compared to 173 biochemical components found in the media of denuded oocytes. [6] Thus, the presence of cumulus cells directly correlates to a greater number of biochemical signals released into the surrounding maturation media, yielding improved blastocyst development following insemination. [6] As a result, cumulus cells adopt a physiological role in COC survival and selection of functionally competent sperm. These results implicate that allowing enough time for cumulus cells to provide essential signaling biomolecules may improve oocyte development and insemination rates, affecting clinical IVF/ICSI outcomes. Extended culture of oocytes with cumulus cells and/or various biochemical supplements may prove fruitful in improving clinical outcomes.
Methods
To find eligible studies on the effects of extended culture on clinical outcomes in ART, an electronic search was made on two databases, namely PubMed Central and the Journal of Fertility and Sterility. This search yielded 10,822 related publications to the terms "extended culture", and was further filtered down to 271 titles containing "oocyte" and related concepts [ Figure 1 ]. One reviewer (SKT) categorized the papers into topics based on their titles and abstracts. All papers categorized as "Oocyte Maturation" were thoroughly read and seven studies were selected, garnering research on extended culture of over 5,865 of human oocytes, [7] [8] [9] [10] [11] as well as bovine and mouse oocytes. [12, 13] results
Included studies of extended culture
Five of the seven studies revealed improved clinical outcomes of fertilization, oocyte development, pregnancy, and live birth rates. [8, [10] [11] [12] [13] They included additional supplements such as COCs, follicular fluid, and/or various meiotic inhibitors to the extended culture. Two studies by Reichman et al. [7] and Bárcena et al. [9] showed no difference or decreased rates in at least one clinical outcome investigated on denuded human oocytes without any conditioned maturation media. [7, 9] One study conducted by Yoon et al. [13] recorded recovered blastocyst developmental rates following cryopreservation by extended culture of the oocyte prior to insemination. Table I summarizes the data of the main studies.
Extended oocyte culture effects on fertilization
Of the six studies that investigated the effect of extended oocyte culture on fertilization rates, four witnessed improved fertilization rates. The two outlier studies [7, 9] did not note any significant discordance of fertilization rates from extended, denuded oocyte culture.
Studies by Pujol et al. [8] and Papaioannidou et al. [10] documented improved fertilization rates in ICSI of extended culture of human oocytes, with the latter incubating oocytes in follicular fluid; both inseminations were by ICSI protocols. [14] In addition, two more studies by Wilding et al. [11] and Farghaly et al. [12] captured improved fertilization rates by ICSI (56% vs. 42% and 46% vs. 40%, respectively) [12] 2011 170 bovine oocytes IVF Increased (46% day 5 vs. 40% day 3)
Increased oocyte maturation (96% 5-day IVM vs. 91% 3-day IVM vs. 77%)
N/A N/A
Yoon et al. [13] 2013 Mice oocytes* IVF No statistically significant difference with extended incubation in either follicular fluid or meiotic inhibitors.
Extended oocyte culture effects on oocyte development
Six studies reported results on the influence of extended culture on oocyte development. Four studies [10] [11] [12] [13] found improvements on oocyte maturation and quality by including COCs, follicular fluid, and/or meiotic inhibitors in extended incubation.
Extended oocyte culture effects on pregnancy
Five of the seven studies [7] [8] [9] [10] [11] recorded clinical pregnancy outcomes in extended human oocyte culture. Two of the five studies [7, 9] failed to observe statistically significant relationships between extended culture and pregnancy rates. One study [8] noted decreased clinical pregnancy rates (−7.7%/h).
However, another study [11] recorded improved pregnancy rates by extended culture of COCs in follicular fluid for IVF (56% vs. 38%) and ICSI (56% vs. 42%). One study [10] achieved a successful twin pregnancy by extended culture of immature oocytes with follicular fluid.
Extended oocyte culture effects on live birth
Three studies [7] [8] [9] did not record statistical differences on live birth rates between standard and extended oocyte culture. [15] However, the experiment by Wilding et al. [11] relayed improved live birth rates from extended culture for IVF (27% vs. 19%) and ICSI (25% vs. 18%). It is the only study out of the four [10] [11] [12] [13] reporting live birth rates that supplemented the extended culture media of COCs with follicular fluid or meiotic inhibitors.
discussion

Oocyte maturation in extended culture
The four studies [10] [11] [12] [13] that reveal general improvements in fertilization rates, proper oocyte and embryonic development, and/or live birth rates from extended oocyte culture all included the addition of cumulus cells, supplemental fluids, or meiotic inhibitors. Extended culture and important biochemicals and metabolites, provided in vitro or secreted by cumulus cells, better mimic in vivo physiological and temporal conditions to improve clinical outcomes for patients seeking IVF/ICSI. COCs and follicular fluid may be key in fostering a buffered environment as an important cell communication medium for oocyte maturation. [13] With these supplements serving to mimic the biochemicals signaled in vivo, perhaps, the extended culture of COCs will provide ample time for the cumulus cell signaling to properly mature oocytes at an appropriate pace in vitro, especially with the current knowledge of speed imbalances between the nuclear and cytoplasmic maturation of oocytes in ART. [16] The use of cumulus cells in extended culture may prove necessary for proper oocyte maturation.
Future directions
Striving for in vivo conditions, in vitro
In review of the seven core studies, what proves key to improving the clinical outcomes of IVF/ICSI is how closely in vitro conditions mimic the conditions in vivo for the developing oocyte. While extended culture alone may better mimic the temporal timeline of oocyte development, many currently-placed protocols for IVF/ICSI at assisted reproduction centers worldwide call for denudation of the oocyte, removing cumulus cells essential for biochemical signaling. In fact, this procedure frequently results in compromised oocyte development for ART procedures. [6] By the addition of follicular fluid and meiotic inhibitors, increased clinical outcomes are witnessed in the studies. [10] [11] [12] [13] However, not enough research has been explored in the realm of extended culture with respect to COCs. Cumulus cells hold promising capabilities to influence oocyte development by releasing secretory factors with chemotaxis attraction properties, [3] prolonging oocyte survival by MTOR activation, [5] accelerating oocyte maturation by sFasL production, [17] and improving implantation and pregnancy rates in ICSI. [1] Novel studies have explored revolutionary cumulus cell biomarkers to predict proper blastocyst formation and pregnancy, [18] propelling the field of ART toward the vital role cumulus cells play in the various molecular signaling pathways of the developing oocyte. [19] Further research on extended culture with the presence of cumulus cells must be explored to achieve not only better physiological conditions in vitro, but also to refine our current IVF/ICSI protocols to maximize clinical outcomes.
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